Abstract-We present estimates, based on psychophysical measurements, of the density of cones in the fovea centralis of human dichromats. The estimates for a group of three protanopes and three deuteranopes (this study) were compared to the estimates of the density of cones in a group of six color normal trichromats from previous studies (Cicerone & Nerger, 1985, 1989. The results support the conclusion that the density of cones in the fovea centralis of the dichromat is comparable to that of the color normal trichomat. These results tend not to support a model of dichromacy in which a class of cones as well as the associated pigment are lost in the dichromatic eye. Instead, dichromacy appears to involve a loss oi one oi the three visual pigments associated with human trichromacy, with a retention of the full numbers of cones.
INTRODUCTION
Dichromats are generally acknowledged to lack one of the three cone pigments present in the color normal trichromatic retina. A number of studies have combined to provide nearly incontrovertible evidence to support this deficiency as the basis for the reduced capability of dichromats to make color discriminations. The results of color matching (Maxwell, 1855; Pitt, 1944; Wright, 1946) selective adaptation (Wald, 1964 (Wald, , 1966 , and retinal densitometric (Rushton, 1963 (Rushton, , 1965 Alpern & Wake, 1977) experiments are consistent with this interpretation. Within this framework, two general models of dichromacy remain tenable. One model species that a class of cones as well as the associated pigment are lost in the dichromatic eye, and a second that one of the three cone pigments is lost while the number of cones remains undiminished. If the first of these models is correct, one might expect the density as well as the numerosity of cones in the dichromatic eye to be less than that in the trichromatic eye, and the grain of the cone mosaic of the dichromatic fovea might be expected to be coarser. According to the second model, the numerosity and density of cones in the dichromatic fovea should equal that in the trichromatic fovea.
Under the assumption that a reduced number of cones would imply poorer acuity, Hecht (1949) tried to resolve this question by obtaining standard acuity measurements on dichromats.
Although the results of Hecht's (1949) experiments tended to favor the first of the models in that he obtained poorer acuity for dichromats, subsequent experiments by others (Brown, Kuhns & Adler, 1957; Brown, Phares & Fletcher, 1960; Verriest, 1958; Wilder, 1970) have not consistently substantiated Hecht's results. Wilder (1970) , for example, found that as compared to trichromats, deuteranopes showed greater acuity as measured by detection of the gap in a Landolt C at all test wavelengths, whereas protanopes showed enhanced acuity for measurements in the blue and green regions of the spectrum, but not for measurements made in the red. Thus, the question of which model of dichromacy is to be preferred has not been adequately resolved with standard measures of acuity. It should also be noted that standard acuity measures may not be capable of detecting the kinds of fine-grained differences at the level of the cone mosaic which would be indicated by the two competing models, inasmuch as the gap to be detected in the standard Landolt C is many minutes of arc in visual angle and spans many cones in the densely-packed fovea1 mosaic in the human eye, where the center-to-center spacing of cones is known to be a mere 0.6 min of arc or less (Osterberg, 1935; Miller, 1979; Ahnelt, Kolb & Pflug, 1987; Curcio, Sloan, Packer, Hendrickson & Kalina, 1987) .
